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Abstract 
We present a new organometallic approach for the preparation of nanostructured SnO2 gas sensitive layer. The deposited 
sensitive layer on a silicon device shows high response to 100 ppm of CO and C3H8. In order to improve the sensor selectivity we 
have implemented a catalytic filter material in a cap placed just above the sensing device. The catalytic filter is made of zinc 
oxide supported gold nanoparticles (Au@ZnO) prepared by deposition-precipitation by urea (DPU) method. This catalytic filter, 
operated at room temperature and under humid atmosphere (HR 50%), allowed to selectively eliminate the sensor response under 
100 ppm of CO, whereas the sensor always responds to 100 ppm of C3H8.  
© 2014 The Authors. Published by Elsevier Ltd. 
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Keywords: SnO2 ; gas sensors ; catalytic filters ; organometallic approach 
1. Introduction 
The achievement of highly sensitive sensors can be accomplished by using materials with well-controlled 
nanostructures in terms of size dispersion, chemical composition, surface properties, shape and organization. It is 
well known that the successful control of these parameters depends strongly on the synthetic method used for the 
nanostructures preparation. Compared with high temperature vapor phase method, solution based synthesis methods 
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can be conducted at low temperatures and offer additional advantages such as straightforward processing, low cost, 
and eases of scale up. Among them, the organometallic approach developed in our team presents several advantages 
to get gas sensitive materials. This method, based on the controlled hydrolysis of metal-organic precursors in the 
presence of alkylamines ligands, gave us a possibility to obtain well defined nanostructures of magnetic metal oxides 
(NiO, J-Fe2O3, FeO) [1-3] and semi-conducting zinc oxides [4-7] by a one-step procedure. Starting from this 
method, we have developed a new procedure to prepare SnO2 nanoparticles dedicated for CO and C3H8 detection. 
Additionally, we have integrated a catalytic filter element into the sensing device. The catalyst material has been 
prepared by deposition-precipitation with urea (DPU) according to the method developed by the pioneer work of C. 
Louis and co-workers [8].  We have synthesized zinc oxide supported gold nanoparticles (Au@ZnO) by a similar 
procedure. The catalytic activity towards CO oxidation of this material has been investigated at room temperature 
and 50% of relative humidity. The full oxidation of the 100 ppm of CO (gas flow rate 1L / min) has allowed to 
prepare a highly C3H8 selective gas sensor device. 
2. Materials and methods 
2.1. Synthesis of SnO2 nanoparticles 
Reaction was performed at room temperature and under argon atmosphere in standard Schlenk tube. 
Nanoparticles were prepared using organometallic precursor [(Sn(NMe2)2]2, NanoMePS). Hexadecylamine (Sigma 
Aldrich) was used as stabilizing agent. THF was collected after going through drying columns (MB-SPS-800 
solvent purification system) prior to use. Distilled water was degassed with argon during 30 min prior to use.  
Nanoparticles were obtained from a THF (4 mL) solution of [(Sn(NMe2)2]2 (1 mmol, 206,9 mg). 
Hexadecylamine (0.025 mmol, 12 mg) was used as stabilizing agent. The hydrolysis step was performed by the 
addition of 2 mL of THF containing water (2 mmol, 36 μL). After 16 h, the solvent was removed by centrifugation 
and the nanoparticles were washed 3 times with 5 mL of acetone.       
The pristine nanoparticles are made of Sn3O2(OH)2 which are then in situ transformed into SnO2 by a progressive 
heating of the sensitive layer up to 500°C. 
2.2.  Sensors preparation 
After washing with acetone, the nanoparticles were dispersed in ethanol (99.8%, Sigma Aldrich). The 
concentration of the nanoparticles in the solution was 5 mg mL-1. The solution was then deposited on miniaturized 
gas sensors substrates [9], by an ink-jet method (Microdrop AG) [10].  
2.3. Preparation of zinc oxide supported gold nanoparticles 
Reaction was performed at 80°C in distilled water and under ambient atmosphere. Zinc oxide nanoparticles (< 
100 nm, Sigma Aldrich) were calcined at 500°C for 4 h under constant flow (1 L/min) of synthetic air prior to use. 
High purity (99.999%) gold (III) chloride hydrate (Sigma Aldrich) was used as gold precursor and stored at -30°C in 
an argon filed glovebox. Urea was purchased from Sigma Aldrich and stored at ambient temperature.  
Zinc oxide (1 g) was dispersed in water and ultrasound treatment was applied (45 kHz, 10 min) in order to avoid 
the presence of aggregates during synthesis. Gold precursor (24 mg) and urea (300 mg) were dissolved in distilled 
water and added simultaneously to the reactor containing the zinc oxide. Total volume of added water was of 100 
mL. The reaction was left stirred for 16 h using a magnetic stirrer. Reactor was protected from light with an 
aluminum foil during this time. Afterwards, the nanomaterial was separated from water by centrifugation (10000 
rpm, 20°C, and 20 min) and the particles were washed 3 times with 100 mL of distilled water. The efficiency of the 
washing protocol was controlled by pH measurement. Test for the presence of Cl- ions was performed using AgNO3 
solution (Sigma Aldrich). Then, the nanomaterial was dried under vacuum in a desiccator during at least one night. 
The desiccator had a diameter of 25 cm with a lower part completely filled with magnesium sulfate (MgSO4*7H2O) 
The final product was reduced under constant flow (1L/min) of hydrogen at 300°C during 2h. During the reduction, 
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the color of the product changed from light beige to purple. The gold load for the prepared catalyst is ca. 1% of the 
total sample mass.  
2.4. Integration of catalytic filter into sensor device 
The catalytic filter (100 mg), prepared as described in Section 2.3, was placed in a plastic cap and directly 
plugged on the top of the sensor as presented on Fig. 1.  
 
 
Fig. 1. Sensing device (a), SnO2 sensor on metal base (b), and plastic cap with the catalytic filter (c). 
2.5. Gas test set-up 
Gas tests were performed using a PC controlled setup composed of different gas bottles connected to mass flow 
controllers (QualiFlow) commanded by an Agilent Data Acquisition/Switch Unit 34970A. Sensors were placed in a 
specially designed measurement cell containing also the humidity and temperature sensors driven by another Agilent 
34970A. The integrated sensor heater was commanded by a HP6642A tension controller. The NI 6035E electronic 
card established the connection between computer and measurements. Freshly prepared sensors were initially 
conditioned by a progressive in situ heating of the sensitive layers up to 500°C. Afterwards, all sensors were 
exposed to different reactive gases under 50% relative humidity and a total gas flow rate of 1L/min. The tests 
reported here were performed at 500°C. Finally, tests were repeated for the same sensor equipped with a cap 
containing zinc oxide supported gold nanoparticles: Au@ZnO.  
2.6. Transmission electron microscopy experiments  
TEM specimens were prepared on carbon-supported copper grids. TEM images were obtained using a Hitachi 
7700 microscope operating at 80 kV.  
3. Results and discussion 
Typical TEM images of nanoparticles used as gas sensitive layer and zinc oxide supported gold nanoparticles 
used as catalytic filter are presented on Fig. 2.  
 
 
Fig. 2. TEM images of Sn2O3(OH)2 nanoparticles (left) and Au@ZnO catalysts (right) with Au nanoparticles diameter of ca. 2.5 nm. 
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Sensor prepared with SnO2 nanoparticles was exposed to 100 ppm CO and 100 ppm C3H8 in humid air conditions 
(RH 50%). SnO2 nanoparticles gave similar response level to CO and C3H8 indicating good sensitivity but a rather 
poor selectivity for these gases. However, after integration of the catalytic filter above the sensing device, the sensor 
response to CO was successfully eliminated. This was possible thanks to selective full oxidation of CO to CO2 at 
room temperature. In this way, we increased sensor selectivity towards C3H8.  
 
 
Fig. 3. SnO2 sensor response towards 100 ppm CO and C3H8 in the absence (1) and presence (2) of Au@ZnO filter. 
4. Summary 
An organometallic approach was used in order to prepare nanostructured tin oxide gas sensitive layers. The 
sensor sensitivity towards CO and C3H8 indicates rather poor selectivity between the two reducing gases. In order to 
improve the device detection properties, we have integrated zinc oxide supported gold nanoparticles as catalytic 
filters for selective CO oxidation. To conclude, a simple, room temperature catalyzed and fully selective device has 
been fabricated which allows to discriminate CO and propane at 100 ppm levels in 50% HR. 
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